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INTRODUCTION 

Bovine  lymphosarcoma  is  the  subject  of  many  intensive 
research  investigations  at  the  present  time.  This  neoplastic 
disease  of  the  lyraphoreticular  system,  also  referred  to  as 
malignant  lymphoma,  leukemia,  leukosis,  lymphocytoma,  and 
lymphoblastoma,  has  been  designated  as  the  most  commonly  en- 
countered neoplasm  of  American  cattle  by  Monlux  et  al.  (1956), 
Smith  and  Jones  (1961),  and  Squire  (1964).  The  economic  loss 
to  the  livestock  industry  because  of  bovine  lymphosarcoma  is 
significant,  as  emphasized  by  Moulton  (1963). 

Marshak  et^  al.  (1962)  have  characterized  the  disease  with 
regard  to  clinical  manifestations,  pathological  alterations, 
and  the  familial  distribution  of  cases  in  high-incidence  herds 
and  state  "...  it  is  evident  that,  in  many  respects  the  cattle 
disease  resembles  lymphosarcoma  in  man."  The  clinical  and 
pathological  similarities  of  the  lymphoreticular  neoplasms  of 
■an  and  large  domestic  animals  were  observed  also  by  Squire 
(1964). 

The  possibility  of  the  same  or  similar  factor(s)  being 
responsible  for  bovine  lymphosarcoma  and  human  lymphosarcoma, 
as  suggested  by  Marshak  and  Dutcher  (1965)  and  Squire  (1964), 
has  intensified  the  research  interest  and  activity  on  this 
disease.   Dutcher  (1964)  suggested  that  knowledge  gained  about 
the  basic  nature,  etiology,  and  transmission  of  bovine  lympho- 
sarcoma may  provide  insight  into  the  factors  responsible  for 
human  lymphosarcoma. 


It  was  the  intent  of  this  investigation  to  attenpt  to 
produce  a  leukemia  in  ex-axenic  mice  by  inoculating  then  with 
specimens  obtained  from  (1)  cattle  with  lymphosarcoma  and  (2) 
cattle  from  a  herd  with  a  high  incidence  of  lymphosarcoma. 
Further  studies  on  the  leukemogenic  factor(s)  or  agent (s)  in 
these  specimens  were  contingent  to  the  production  of  leukemia 
in  the  ex-axenic  mice. 

LITERATURE  REVIEW 

A  complete  review  of  the  literature  dealing  with  bovine 
lymphosarcoma  would  be  voluminous  and  was  beyond  the  scope  of 
this  paper.  A  comprehensive  monograph  on  hematopoietic  tumors, 
including  bovine  lymphosarcoma,  has  been  presented  by  Squire 
(1964),   Dutcher  (1965)  and  Marshak  and  IXitcher  (1965)  have 
reviewed  the  current  status  of  bovine  lymphosarcoma  and  cited 
numerous  references  with  their  work.  This  literature  review 
was  designed  to  summarize  the  nuaerous  techniques  applied  to 
this  problem,  and  emi^asize  the  transmission  studies  attempted. 

Genetic  susceptibility  to  this  disease  has  been  suggested 
by  Thielen  et  al.  (1963).   Because  of  the  aggregation  of  animals 
with  lymphosarcoma  in  sire  groups  and  cow  families,  as  deter- 
mined by  pedigree  analysis,  within  certain  high  incidence  herds, 
Marshak  et^  al.  (1962)  and  Croshaw  et  al .  (1963)  also  postulated 
that  these  animals  were  genetically  susceptible  to  lympho- 
sarcoma.  Both  groups  of  authors  stated,  however,  that  the  data 
are  also  compatible  with  vertical  transmission  of  an  infectious 
agent . 


Viruses  have  been  incriminated  convincingly  as  the  causa- 
tive agents  for  similar  lymphoreticular  neoplastic  disorders  in 
the  aurine  and  avian  species.  Viral  etiology  for  bovine  lyapho- 
sarcoma  has  been  proposed  by  many  investigators.  The  epi«ooti- 
ology  of  the  disease  would  indicate  that  it  is  a  contagious 
condition  with  a  long  latent  period,  according  to  Bcndixen 
(1963).   Bendixen  (1961)  and  Ritter  (1964)  also  described  the 
transmission  of  the  disease  to  healthy  cattle  in  previously 
unaffected  herds  by  introducing  cattle  originating  in  herds 
with  a  high  incidence  of  lymphosarcoma. 

The  long  incubation  period  in  cattle,  if  indeed  this  con- 
dition is  infectious,  and  the  economics  of  attempting  to  house 
large  numbers  of  cattle  for  long  periods  of  time  encouraged 
investigators  to  utilize  methods  other  than  direct  homologous 
transmission  studies  in  an  attempt  to  elicit  the  leukemogenic 
factor(s) . 

Hatziolos  and  Chang  (1963)  observed  cellular  elements 
resembling  primative  reticular  or  lymphoid  cells  which  contained 
numerous  cytoplasmic  inclusions  in  lymph  node  tissue  from  a 
lymphosarcomatous  cow  and  grown  in  a  cell  culture  system.  When 
they  inoculated  normal  lymph  node  cell  cultures  with  lympho- 
sarcomatous tissue  extract,  the  sequence  of  cellular  changes 
suggested  the  presence  of  a  cytopathogenic  agent.   Gard  (1963) 
observed  changes  in  cell  cultures  of  lymphosarcomatous  lymph 
nodes  that  he  attributed  to  the  effect  of  a  cytopathogenic 
agent.   Gard  also  observed  the  formation  of  giant  cells  and 
syncitia,  as  did  Dutcher  et  al.  (1964),  and  postulated  this 


phenovenon  was  due  to  an  oncogenic  virus  present  in  the  cell 
culture. 

Noraal  lynF4i  node  cell  cultures  are  susceptible  to  the 
cytopathogenic  effect  of  vesicular  stomatitis  virus,  according 
to  Dutcher  et  al.  (1964a)  and  Kalk  and  Hetrick  (1965).   Dutcher 
(1964)  observed  that  lynph  node  cell  cultures  from  lynpho- 
sarcoaatous  cattle  were  resistant  to  the  cytopathogenic  effect 
of  this  virus.  He  also  conferred  protection  on  previously 
susceptible  lymph  node  and  kidney  cell  cultures  by  using  un- 
diluted supernatant  fluid  collected  froa  resistant  lymph  node 
cell  cultures.  His  explanation  for  this  phenomenon  was  that  a 
virus  already  present  in  the  neoplastic  cells  would  interfere 
with  the  cytopathogenic  effect  of  the  vesicular  stomatitis 
virus. 

Electron  microscopy  has  revealed  particles  that  morpho- 
logically resemble  viruses  in  biopsied  lyraph  nodes  from  cattle 
with  lymphosarcoma.  These  observations  were  made  by  Sorensen 
and  Thielen  (1963),  Uberschar  (1963),  and  Dutcher  (1965). 
Dutcher  (1964)  also  described  virus-like  particles  in  the  milk 
of  cattle  from  a  herd  with  a  high  incidence  of  lymphosarcoma, 
as  well  as  in  milk  from  cattle  in  a  lymphosarcoma- free  herd. 
To  date,  biologic  activity  has  not  been  demonstrated  for  the 
particles  described. 

In  addition  to  those  previously  mentioned,  other  approaches 
and  techniques,  such  as  attempted  culture  in  embryonating 
chicken  eggs,  immunofluorescent  studies,  karyotyping,  and  trans- 
mission studies  in  laboratory  animals  have  been  used  in  an 


atteapt  to  provide  additional  knowledge  about  the  etiology  of 
bovine  lysiphosarcona.  Although  such  indirect  and  sone  direct 
evidence  to  support  the  theory  of  viral  etiology  for  this 
condition  has  been  presented,  the  actual  isolation  of  an  agent 
capable  of  reproducing  the  disease  syndrome  in  cattle  or  other 
animals  has  yet  to  be  reported. 

Many  attempts  have  been  made  to  transmit  the  disease  to 
susceptible  cattle,  but  only  GBtze  et^  al.  (1956),  Rosenberger 
(1961),  and  Trapp  et  al.  (1966)  have  reported  causing  the 
tumorous  syndrome  in  cattle  by  inoculating  them  with  material 
obtained  from  cattle  affected  with  lymphosarcoma.  Other 
authors,  such  as  Winqvist  (1961),  Papparella  et  al.  (1963), 
Bederke  and  Toll  (1964),  and  Hatziolos  et  al.  (1966)  have  re- 
corded the  development  of  a  persistent  lymphocytosis,  lymphoid 
hyperplasia,  or  other  lesions  some  investigators  consider 
"preleukemic"  in  cattle  inoculated  with  specimens  from  lympho- 
sarconatous  cattle.  Negative  results  in  the  attempted  hori- 
zontal homologous  transmission  of  bovine  lymphosarcoma  have 
been  reported  by  Creech  and  Bunyea  (1929),  Dutcher  e_t  al.  (1963), 
and  McKercher  ejt  al.  (1963),  as  well  as  other  authors. 

The  ability  of  an  agent (s)  to  reproduce  similar  diseases 
in  other  species  has  not  been  proven,  although  Schwartz  et^  al. 
(1957),  DeLong  (1960),  Nielson  et  al.  (1965),  and  Chapman  et  al. 
(1966a),  as  well  as  other  investigators  have  reported  the 
development  of  leukemia  in  mice  inoculated  with  material  from 
human  leukemic  patients.       ■ 


The  initiation  of  lymphosarcoma  or  leukemia  in  laboratory 
animals,  primarily  mice,  exposed  to  materials  from  cattle  vfith 
lymphosarcoma  has  been  attempted  many  times.   In  1929,  Creech 
and  Bunyea  (1929)  reported  on  their  observations  of  rabbits 
inoculated  intravenously  and  guinea  pigs  inoculated  intra- 
peritoneally  vfith  blood  and  tumor-tissue  suspensions  from  a  cow 
with  leukemia.  A  postmortem  examination  was  performed  on  the 
experimental  animals  that  died  and  those  euthanatized  one  year 
postinoculation.  None  of  the  rabbits  or  guinea  pigs  developed 
signs  or  lesions  characteristic  of  leukemia. 

A  virus  isolated  from  a  calf  with  lymphatic  leukemia  and 
cultured  in  embryonating  chicken  eggs  was  harvested  from  the 
32nd  egg  passage  and  inoculated  intraperitonally  into  20  young 
and  20  adult  guinea  pigs  by  Papparella  (1959).   Heat -inactivated 
virus  was  inoculated  into  10  young  and  10  adult  guinea  pigs  for 
controls.   Subsequent  examination  of  the  blood  of  the  experi- 
mental animals  revealed  a  lymphocytosis  with  an  occasional 
lymphoblast  and  an  anemia.  Young  guinea  pigs  were  more  suscept- 
ible, but  there  was  a  low  mortality.  The  virus  was  recovered 
from  the  dead  guinea  pigs  by  chicken  embryo  inoculation. 
Papparella  (1960)  subsequently  reported  on  the  development  of 
progressive  and  extensive  alopecia,  with  ultimate  death,  in  five 
of  the  19  guinea  pigs  that  had  lived  more  than  two  months  post- 
inoculation. 

Dutcher  et  al^.  (1963)  made  repeated  attempts  to  propagate 
bovine  lymphosarcoma  tissue-culture  cells  in  the  cheek  pouch  of 
hamsters  with  no  success.   Dutcher  et  al.  (1963)  also  inoculated 


800  newborn  or  3-week-old  C3H  or  Swiss  mice  Intraperitoneally 
or  Intracranially  with  blood,  serum,  or  tuBor  extracts  from 
cattle  with  bovine  lymphosarcoioa,  as  well  as  tumor  tissue  cul- 
ture supernatant  fluid  or  cell  suspensions.  These  mice,  and 
appropriate  control  mice,  were  observed  for  16-20  months.  Any 
mice  that  died  were  necropsied,  as  were  the  remaining  mice  that 
were  euthanitized  at  the  end  of  the  observation  period.  Neo- 
plasms had  developed  in  less  than  1%  of  the  mice. 

Tolle  et  al.  (1962)  reported  on  the  inoculation  of  NMRI 
mice  with  "bovine  leucotic  tissue."  A  "tumor"  developed  which 
was  subsequently  passed  serially  19  times  before  intercurrent 
infection  terminated  the  experiment.   In  further  experiments, 
"murine  tumor  tissue"  that  had  been  stored  4>*9  months  at  -39  C, 
or  "fresh  bovine  leucotic  material"  was  inoculated  into  5,800 
newborn  mice.   Nephrosis  was  found  in  the  male  mice  killed  8-18 
weeks  postinoculation,  but  was  absent  in  female  and  control 
mice.  Hemangioendothelioma  and  reticulum-cell  neoplasms  de- 
veloped at  the  site  of  inoculation  5-6  months  postinoculation, 
but  "there  was  no  evidence  of  leucosis." 

McKercher  et^  al^.  (1963)  reported  on  the  results  of  inocu- 
lating one-day-old  mice  intraperitoneally  or  intracranially  with 
a  virus  isolated  from  a  cow  with  leukemia  and  propagated  in 
tissue  culture.  Although  the  virus  survived,  as  determined  by 
tissue  culture  inoculation,  two  serial  passages  using  the  intra- 
cranial route  in  mice  in  one  attempt,  and  four  serial  passages 
using  the  same  route  of  inoculation  in  another  attempt,  there 
was  no  clinical  illness  and  no  gross  or  histopathologic  lesions 
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suggestive  of  neoplasia.  Attempts  to  adapt  the  virus  to  mice 
by  intraperitoneal  inoculation  also  were  unsuccessful. 

Three  presumably  identical  agents  were  isolated  by  Lange 
(1965)  from  lymph  nodes  of  cattle  with  lymphosarcoma  and  subse^ 
quently  from  a  mouse  inoculated  with  material  from  these  cattle. 
These  agents  had  a  cytopathogenic  effect  in  tissue  culture 
systems,  could  be  inactivated  by  freezing  and  thawing,  as  well 
as  by  heat,  and  would  pass  through  bacteria-tight  Seitz  filters. 
He  did  not  state  if  the  mouse  from  which  the  agent  was  isolated 
had  lesions,  although  in  a  previous  publication  Lange  (1964) 
described  lesions  in  mice  inoculated  with  cell-free  extracts 
from  cattle  with  bovine  lymphosarcoma.  These  lesions  in  the 
kidney,  liver,  spleen,  and  lymph  node  developed  2-6  months  post- 
inoculation  and  the  percentage  of  lesions  increased  in  serial 
passages. 

In  1963,  Papparella  et  al.  (1963)  reported  on  107  newborn 
Swiss  mice  receiving  intraperitoneally  a  virus  which  had  been 
isolated  from  a  calf  with  lymphatic  leukemia  and  cultivated  in 
tissue  culture  cells.  Controls  consisted  of  102  newborn  mice 
similarly  exposed  to  heat -inactivated  virus  from  the  same  source 
and  222  noninoculated  mice.  After  observing  the  mice  for  3*12 
months,  20%  of  the  mice  receiving  active  virus,  5%  of  the  mice 
receiving  inactive  virus,  and  1%  of  the  noninculated  mice  had 
mammary  tumors  which  were  morphologically  similar  in  all  groups. 
Attempted  recovery  of  the  virus  from  the  mawnary  tumors  was 
unsuccessful. 
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Hatziolos  e_t  al.  (1966)  were  the  first  American  investiga- 
tors to  report  on  the  development  of  leukemia  in  mice  inoculated 
with  specimens  obtained  from  anirals  with  bovine  lymphosarcoma. 
They  described  lesions  that  developed  in  the  mice  which  were 
related  to  the  inocula  as  lymphoid  leukemia,  leukemoid  disease, 
splenomegaly,  and/or  mammary  gland  tumors.   Attempted  serial 
transmission  of  the  leukemia  in  mice  was  unsuccessful. 

MATERIALS  AND  METHODS 

Donors 

Specimens  obtained  from  four  categories  of  cattle  were  used 
for  mouse  inoculation:   (1)  field  cases  of  bovine  lymphosarcoma, 
(2)  animals  from  a  high-incidence  herd  that  were  classified 
positive  by  applying  the  criteria  established  by  Bendixen  (1963) 
to  their  hemograms,  (3)  animals  from  this  same  herd  that  were 
hematologically  normal  according  to  the  Bendixen  key,  and  (4) 
clinically  normal  cattle. 

Field  cases  of  suspected  bovine  lymphosarcoma  were  referred 
by  Kansas  veterinarians.   Specimens  were  obtained  from  these 
animals  if  the  clinical  evaluation  warranted  a  diagnosis  of 
lymphosarcoma.   Hematologic  and  histopathologic  evaluations 
were  correlated  with  the  clinical  evaluation  to  confirm  the 
diagnosis.   The  hemograms  (Table  1)  of  the  donor  animals  were 
prepared  at  the  time  the  specimens  were  collected. 

LB-2  was  a  5-year-old  Hereford  female  with  progressive 
posterior  weakness  for  one  week.  At  the  time  of  biopsy  of  the 
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right  prefenoral  lymph  node  she  was  unable  to  rise,  eaaciated 
and  had  a  generalized  lymphadenopathy  of  all  palpable  lymj* 
nodes. 

LB-3  was  a  10-year-old  Shorthorn  female  which  also  had  a 
history  of  progressive  posterior  weakness.  There  was  no 
anorexia  or  cachexia,  and  none  of  the  external  palpable  lymph 
nodes  were  enlarged.  However,  the  rectal,  internal  inguinal, 
and  internal  iliac  lymph  nodes  were  markedly  enlarged.  The 
left  internal  iliac  node  was  approximately  15  cm.  by  25  cm. 
A  biopsy  was  not  taken,  as  the  owner  was  unwilling  to  submit 
the  animal  for  euthanasia.  However,  the  clinical  observations 
warranted  the  presumptive  diagnosis  of  lymphosarcoma. 

Tachycardia  and  ventral  subcutaneous  edema  were  prominent 
signs  of  disease  in  LB-4.  This  Q-year-old  Aberdeen  Angus  cow 
was  ambulatory,  but  had  difficulty  in  rising  and  walking,  as 
she  was  weak  and  emaciated.  There  was  a  generalized  lymph- 
adenopathy of  the  subcutaneous  lymph  nodes,  as  well  as  those 
nodes  palpable  per  rectum.  The  right  prescapular  lymph  node 
was  selected  for  biopsy  because  it  was  extensively  enlarged, 
measuring  approximately  10  cm.  by  15  cm.  This  enlargement  was 
found  to  be  quite  vascular  at  biopsy,  and  many  vascular  spaces 
as  well  as  an  abundance  of  lymphocytes  were  observed  on  histo- 
pathologic examination.   Subsequent  microscopic  exsuaination, 
after  necropsy,  of  other  involved  nodes  revealed  lesions  histo- 
pathologically  consistent  with  those  expected  of  bovine  lympho- 
sarcoma. 
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A  concurrent  uterine  infection  complicated  the  diagnosis  of 
lynphosarcona  in  cow  LB-5.  This  4«year-old  Holstein-Priesian 
female  was  one  month  postpartum  and  had  decreased  nilk  produc- 
tion. Anorexia,  pyrexia,  emaciation,  fetid  mucopurulent  vaginal 
discharge,  and  an  enlarged  uterus  that  was  firm  and  "doughy"  on 
palpation  established  a  diagnosis  of  pyometra.  However,  there 
was  a  generalized  enlargement  of  the  palpable  lymph  nodes,  and 
the  nodes  palpable  per  rectum  were  especially  prominent.   Subse- 
quent histopathologic  examination  of  the  left  prescapular  lymph 
node  obtained  by  biopsy  and  other  internal  nodes  obtained  at 
necropsy  confirmed  the  diagnosis  of  lymphosarcoma. 

LB-6  was  a  6-year-old  Holstein-Priesian  female  that  had  an 
onset  of  progressive  posterior  weakness  starting  two  weeks  after 
a  normal  parturition.  At  the  time  of  examination,  one  month 
postpartum,  she  was  not  ambulatory,  had  a  generalized  lympha- 
denopathy  and  a  firm,  greatly  thickened  uterine  wall.  After 
obtaining  a  biopsy  specimen  from  the  right  prescapular  lymph 
node,  the  animal  was  euthanatized  and  a  postmortem  examination 
was  performed.   Enlargement  of  the  internal  lymph  nodes  was 
generalized,  hepatic  and  renal  infiltration  was  observed,  and 
the  uterine  wall  was  up  to  7  cm.  thick  in  some  areas. 

A  6-year-old  Holstein-Priesian  female,  LB-7,  had  anorexia, 
decreased  milk  production,  and  was  "not  doing  well"  according 
to  the  owner.  Clinical  examination  revealed  a  generalized 
lymphadenopathy  of  the  subcutaneous  lymph  nodes,  with  the  right 
parotid  node  being  especially  prominent.  None  of  the  nodes 
palpable  per  rectum  were  enlarged  to  any  extent.  A  tissue 
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specinen  was  obtained  by  biopsy  of  the  right  prefeMoral  lyaph 
node  (Appendix,  Plate  I,  Pigs.  1  and  2). 

A  dairy  herd  with  a  high  incidence  of  lynphosarcona  was 
purchased  by  Kansas  State  University  for  investigational  pur- 
poses. Animals  in  this  herd  were  nade  available  for  this  study. 
According  to  Mussman  (1965),  this  herd  of  30-35  mature  Holstein- 
Priesian  cows  had  three  aninals  which  were  confirmed  histo- 
pathologically  as  being  affected  with  lympdiosarcoma  in  the  years 
1964-1965  and  four  additional  aninals  that  had  the  gross  patho- 
logic lesions  characteristic  of  the  disease  in  the  years  1961- 
1965.   Animals  from  this  herd  have  been  grouped  as  positive, 
suspect,  or  normal  by  applying  the  Bendixen  (1963)  key  to  their 
hemograms.  On  October  1,  1965,  8  cows  were  classified  as  posi- 
tive, 6  as  suspect,  and  25  as  normal.   Specimens  (Appendix, 
Plate  II,  Pigs.  1  and  2)  obtained  from  animals  in  this  herd 
classified  as  normal,  as  well  as  some  classified  positive,  were 
utilized  in  this  investigation. 

Specimens  (Appendix,  Plate  III,  Pigs.  1  and  2)  were  ob- 
tained from  clinically  normal  cattle  for  control  purposes.  The 
criteria  used  to  define  "normal**  cattle  were  those  established 
by  Dutcher  et  al.  (1963).  These  *'normal"  animals  did  not  ex- 
hibit clinical  signs  of  lymphosarcoma  and  originated  in  a  herd 
that  did  not  have  a  history  of  this  disease.   .None  of  the  cattle 
in  this  herd  had  a  lymphocytosis,  nor  did  the  donor  animals  have 
a  lymphocytosis  on  repeated  sampling.   Prom  the  herd  history 
available,  there  were  no  animals  in  this  herd  that  had  a  close 
familial  relationship  to  cattle  having  lymphosarcoma. 
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Specimens 

The  specimens  collected  from  each  donor  animal  were  a  lymph 
node  and  whole  blood.  Milk  also  was  obtained  if  the  animal  was 
lactating.  Enlarged  lymph  nodes  were  excised  by  surgical 
biopsy,  employing  sterile  surgical  procedure.  The  surgical  site 
was  shaved,  washed  thoroughly,  and  a  surgical  disinfectant*  was 
applied  for  3  minutes.   Infiltration  with  a  local  anesthetic, 
2%  lidocaine**,  and  head  restraint  were  the  primary  means  of 
controlling  the  animal.  After  removal  of  an  involved  node,  or 
a  portion  of  it,  the  incision  was  sutured  with  one-eighth  inch 
umbilical  tape. 

The  excised  tissue  was  divided  into  two  portions.  One 
portion  was  placed  immediately  in  tissue  culture  nedium.  Basal 
Medium,  Eagles  (BME),  containing  100  units  of  crystalline  potas- 
sium penicillin  G  and  0.1  mg.  of  crystalline  dihydrostreptomycin 
sulfate  per  ml.  of  mediur'.  This  tissue  was  minced  with  scissors 
into  pieces  approximately  3  mm.  in  diameter.  If  the  trip  to  the 
laboratory  was  in  excess  of  3  hours,  the  tissue  was  refrigerated 
at  4  C.  until  it  could  be  processed.  It  was  not  refrigerated  if 
the  specimen  was  collected  close  to  the  laboratory,  but  was  kept 
at  approximately  25  C, 

In  the  laboratory,  the  lymph  node  tissue  in  BME  was  pre- 
pared for  mouse  inoculation  by  washing  in  phosi*ate-buffered 


* 

Nolvosan,   Fort   Dodge  Laboratories,   Port   Dodge,    Iowa. 

** 

Xylocaine,  Astra  Pharmaceutical   Products,   Inc., 
Worcester,  Mass. 
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saline  until  it  was  free  of  blood.  Two  gn.  of  tissue  were  then 
hOBOgenized  in  a  ground  glass  honogenizer,  resuspended  in  10  al. 
of  BM£,  and  placed  in  a  screw-cap  tube  until  it  was  inoculated. 
Inoculation  was  always  performed  within  30  minutes ,  and  usually 
within  10  minutes,  of  the  time  the  inoculum  was  prepared. 

Formalin  fixation  was  accomplished  by  placing  lymph  node 
specimens,  cut  5  mm.  thick,  in  at  least  ten  times  the  volume  of 
10%  buffered  formalin.  After  sectioning  the  tissue  at  5  microns 
and  staining  it  with  hematoxylin  and  eosin,  it  was  studied 
histopathologically . 

Whole  blood  was  collected  by  jugular  venipuncture.  The 
collection  site  was  shaved,  scrubbed,  and  disinfected  as  pre- 
viously described.   Sterile  equipment  and  technique  were  used 
for  obtaining  the  blood  specimens.   Blood  was  drawn  into  a 
10-ml.  syringe  through  a  16-gauge,  li^-inch  needle,  and  10  ml. 
were  transferred  immediately  to  each  of  three  screw-cap  tubes, 
which  contained  three  drops  of  a  10%  solution  of  the  sodium 
•alt  of  ethylenediaminetetraacetate  (fiOTA).  One  specimen  was 
for  mouse  inoculation,  one  for  doing  a  complete  blood  count 
(Table  1),  and  one  was  held  as  a  reserve.  The  blood  specimens 
collected  in  EDIA  were  refrigerated  at  4  C.  if  the  estimated 
arrival  time  at  the  laboratory  was  in  excess  of  3  hours.   Por 
shorter  periods,  the  specimens  were  maintained  at  25  C. 

Milk  specimens  were  collected  from  lactating  cows  that  had 
no  clinical  evidence  of  acute  or  chronic  mastitis.  The  mammary 
gland  was  cleaned,  the  teat  and  teat  orifice  disinfected  with  a 
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disinfectant  solution,*  and  after  discarding  approximately  2  al. 
of  the  foremilk,  a  10-«1.  sample  was  obtained  in  a  sterile 
screw-cap  tube.  One  hundred  units  of  crystalline  potassium 
penicillin  G  and  0.1  ng.  of  crystalline  dlhydrostreptomycin 
sulfate  were  added  per  ml.  of  milk.  This  milk  was  used  for 
mouse  inoculation. 

Laboratory  Animals 

The  laboratory  animals  for  these  studies  were  ex-axenic 
mice  of  the  Carworth  Farm  White  (CPW)  strain  and  CFW,,  substrain 
as  described  by  Werder  ejt  al.  (1966).  A  colony  of  the  CFVir  mice 
has  been  maintained  as  a  closed  colony  since  1958  and  is  desig- 
nated as  the  CFWn  substrain.   In  1962,  some  of  these  CW„  mice 
were  used  to  establish  a  gnotobiotic  colony  of  mice. 

Mice  were  divided  into  groups  of  four  to  eight  animals, 
depending  upon  the  sire  of  the  litters  available.   Grouping  was 
random  on  the  basis  of  sex.  All  of  the  animals  inoculated  were 
less  than  14  days  of  age  at  the  time  of  inoculation,  and  most 
were  3-10  days  old.  An  adult  female  ex-axenic  mouse  also  was 
included  in  each  group  to  nurse  the  experimental  animals.   She 
was  removed  when  the  young  mice  were  21-28  days  old.  All  of 
the  mice  in  a  group  received  the  same  inoculum  and  they  were 
inoculated  the  same  day  they  were  removed  from  the  Trexler- 
Reynolds  (1957)  plastic  germ-free  isolators. 


Nolvosan.   Ft.  Dodge  Laboratories,  Ft.  Dodge,  Iowa. 
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The  number,  age,  sex,  and  strain  of  mice  in  each  group,  as 
well  as  the  inoculum  received,  are  presented  in  Table  2.  A 
sumary  of  the  nunber  of  groups  that  received  each  type  of 
inoculuB  can  be  found  in  Table  3. 

These  animals  were  placed  in  a  sterile  cage  containing 
bedding*  immediately  after  removal  from  the  ger»-frec  isolator. 
Sterilization  was  acconplished  by  autoclaving  for  20  minutes  at 
15  pounds  pressure.   Sterile  tap  water  for  animal  consumption 
was  placed  in  previously  sterilized  bottles.  The  mice  were 
provided  a  sterile  ration,**  formulated  to  provide  the  mininua 
murine  nutritional  requirements  after  sterilization  by  auto- 
clave. A  cardboard  top  with  vented  areas  covered  by  an  absolute 
Cambridge  filter,*  previously  sterilized  by  spraying  with  an 
aerosol  of  peracetic  acid,  was  taped  over  the  top  of  the  cage 
to  prevent  air  contamination. 

A  procedure  was  established  whereby  the  mice  were  inocu- 
lated without  coming  in  contact  with  any  contaminated  objects. 
A  hood  was  utilized  to  negate  the  possibility  of  air  contamina- 
tion. All  of  the  inocula  were  0.1  ml.  in  volume  and  all  were 
administered  intraperitoneally.  After  inoculating  the  mice, 
the  remaining  inoculum  was  cultured  in  thioglycollate  broth. -^ 


*  Deodor  grade  San-I-Cell,  Laurel  Farms,  White  House 

Station,  New  Jersey.  j 

**     . 

Special  Formula  5010,  Ralston-Purina  Cospany,  St.  Louis,  1 

Missouri.  ^,      ."  j 

Jayhawk  Box,  Lawrence  Paper  Company,  Lawrence,  Kansas.  I 


*  Difco  Laboratories,  Detroit,  Michigan. 
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Table 

2.  Data  on  £ach  Group  of  Mice  and  Inoculum  Administered  to       ' 
£ach  Group 

Group 

Inoculum 

Age  at 
Strain   inoc.   No.  of 
of  mice  (days)   mice 

1 

Blood  -  Nor.*  cow  #1596  from  H.I.** 
herd 

CPW 

12-14 

\ 

7 

a 

Milk  -  Nor.  cow  #1596  from  H.I.  herd 

CPW 

5-12 

7 

3 

Blood  -  Pos.*  cow  #025  from  H.I.  herd 

CPW^ 

1-10 

7 

4 

Blood  -  Pos.  cow  #6835  from  H.I.  herd 

CPWw 

1-10 

6 

5 

Noninoculated  controls 

CPWw 

1-iot 

6 

7 

Blood  -  Lymphosarcomatous  cow  LB-2 

CPW« 

5 

4 

J 

8 

Node  -  Lymphosarcomatous  cow  LB -2 

CFW^ 

5 

5           ; 

9 

Milk  -  Lymphosarcomatous  cow  LB-2 

CPWw 

5 

3 

10 

Blood  -  Lymphosarcomatous  cow  LB-3''' 

CPWw 

14 

6 

11 

Noninoculated  controls 

CFW^ 

14* 

6 

■ 

U 

Node  -  Lymphosarcomatous  cow  LB-4 

CPWw 

14 

6 

u 

Blood  -  Lymi^osarcomatous  cow  LB-4 

CPW 

14 

5        ^ 

•1 

14 

Node  -  Lymphosarcomatous  cow  LB-5 

CPW 

7 

I         \ 

15 

Blood  -  Lymphosarcomatous  cow  LB-5 

CPW 

7 

16 

Node  «•  Lymphosarcomatous  cow  LB-6 

CPWw 

14 

5 

17 

Blood  -  Lymphosarcomatous  cow  LB-6 

CPWw 

14 

5 

IS 

Node  -  Lymphosarcomatous  cow  LB-7 

CPW^ 

5 

8 

19 

Blood  -  Lymi^osarcomatous  cow  LB-7 

CPWw 

5 

8 

ao 

Node  -  Pos.  cow  #2784  from  H.I.  herd 

CPWw 

3 

8 

ai 

Blood  -  Pos.  cow  #2784  from  H.I.  herd 

CPWw 

3 

8 

aa 

Milk  -  Pos.  cow  #2784  from  H.I.  herd 

CPWw 

3 

8        i 

33 

Node  -  Normal  cow  LB-9 

CFWw 

5 

6 

a4 

Blood  -  Normal  cow  LB-9 

CPWw 

5 

5 

as 

Node  -  Normal  cow  LB-10 

CPW 

3 

6 

26 

Blood  -  Normal  cow  LB-IO 

CPW 

3 

6 

a7 

Milk  -  Normal  cow  LB-10 

CPW 

3 

3a 

Noninoculated  ccxitrols 

CPW 

7: 

6 

*  Normal  and  Positive  refer  to  henatologic  rat 
Bendixon  key. 

ing  on  the 

1 

H.I.  herd  is  high-incidence  herd  owned  by  Kansas  State 
University. 

No  histopathologic  confirmation  available  on 

this  cow. 

1 
1 

■*■  Age  at  which  animals  were  removed  fro 

m  germ- 

free  isolators. 
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Table  3.  A  Suaaary  of  Groups  of  Mice  by  Inocula  Adninistered 


Donor  animals 


Number     Number 
Inoculum  of  groups   of  mice 


Lymphosarcomatous  cows 


H,I.  herd**  positive*  cows 


H.I.  herd  normal'*'  cows 


Normal  cows 


Noninoculated  controls 


Node* 
Blood 
Milk 

5 
6 

1 

31 

34 

3 

Node 

Blood 

Milk 

1 
3 

1 

8 

21 

8 

Blood 
Milk 

1 

1 

7 
7 

Node 

Blood 

Milk 

2 
2 
1 

12 
11 

4 

18 


20%  lymph  node  homogenate. 


** 


H.I.  herd  is  high-incidence  herd  owned  by  Kansas  State 
University. 

Positive  and  normal  refer  to  hematologic  rating  on  the 
Bendixen  key. 


The  mice  were  maintained  on  sterile  feed  and  water,  in  the 
units  described,  for  the  duration  of  the  experiment.  They  were 
moved  to  clean  cages  and  bedding  as  required,  about  every  five 
to  seven  days.  This  change  was  made  by  untapeing  the  cardboard 
top,  adding  fresh  feed  and  water,  and  moving  the  mice,  water 
bottle,  and  feeding  lid  to  a  clean  sterile  cage  with  clean, 
sterile  bedding.   Infant  mice  were  removed  and  euthanatized. 
The  water  bottle,  feeding  lid,  and  cardboard  top  were  replaced 
with  clean  sterile  equipment  as  necessary.  All  of  this  was 
performed  in  a  hood,  and  although  the  outside  of  the  unit  was 
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handled,  care  Mas  taken  to  avoid  contamination  of  any  of  the 
parts  of  the  unit  with  which  the  mice  would  have  contact. 

The  mice  were  kept  in  a  room  that  had  been  thoroughly 
cleaned  and  disinfected  prior  to  the  initiation  of  this  experi- 
ment. Only  ex-axenic  mice  in  similar  sterilized  units  were 
maintained  in  this  room.  Air  was  filtered  prior  to  entering  the 
room,  and  the  door  was  locked  at  all  times  to  discourage  people 
who  had  contact  with  other  laboratory  mice  from  entering  the 
room. 

These  mice  were  observed  daily  for  clinical  signs  of  ill- 
ness. Any  that  were  moribund  were  removed  from  their  cage, 
euthanatized,  and  a  postmortem  examination  was  performed.  Any 
mouse  that  died  was  also  necropsied.  Tissue  specimens  were 
saved  for  histopathologic  examination. 

Observation  continued  for  a  6-month  period  following  inocu- 
lation. At  that  time,  at  least  one  half  of  the  mice  living  to 
maturity  were  euthanatized.  The  remaining  mice  were  maintained 
for  observation  for  an  extended  period  of  time  to  allow  a  longer 
latent  period  for  the  manifestation  of  leukemia.  Observations 
of  those  animals  sampled  6  months  post inoculation  were  the  basis 
for  this  thesis. 

Mice  removed  from  the  groups  at  6  months  post inoculation 
were  caudectomized  at  the  terminal  one  third  of  the  tail.   Blood 
smears  were  made  from  this  source,  and  the  animal  was  euthana- 
tized immediately  by  cervical  disarticulation. 

Sterile  instruments  were  used  to  remove  the  ventral  walls 
of  the  abdominal  and  thoracic  cavities,  after  the  skin  had  been 
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disinfected  and  reflected.  A  gross  evaluation  vfas  made  of  the 
lymphatic  organs,  primarily  the  spleen,  thymus,  and  lymph  nodes. 
If  these  organs  were  enlarged,  or  there  were  other  lesions 
suggestive  of  leukemia,  portions  of  the  involved  organ(s)  were 
removed  and  placed  in  tissue  culture  medium  199  containing  5X 
equine  serum.  This  was  subsequently  homogenized  and  used  for 
mouse  inoculation,  using  the  procedure  previously  described  for 
bovine  lympAi  node. 

Sections  of  the  spleen,  thymus,  lymph  node,  liver,  kidney, 
lung,  heart,  sternum,  salivary  gland,  and  adrenal  gland  were 
saved  from  all  animals  euthanatized  and  placed  in  10%  buffered 
fonnalin  for  histopathologic  evaluation. 

When  the  microscopic  lesions  indicated  additional  informa- 
tion was  needed,  blood  smears  and  organ  imprints  obtained  at 
necropsy  were  stained  with  v/right*s  stains  and  examined.  Bac- 
teriologic  culture  samples  in  thioglycollate  broth  were  obtained 
at  necropsy  from  a  cut  liver  surface  and  intestinal  contents. 

RESULTS 

Of  the  172  mice  inoculated  or  maintained  as  noninoculated 
controls,  8  died  within  the  first  two  days  post inoculation  as  a 
result  of  maternal  agalactia  and/or  cannibalism.  One  male  mouse 
was  killed  by  other  male  mice  in  the  cage  during  severe  fight- 
ing. A  total  of  163  mice  survived  the  6-month  observation 
period. 

The  following  mice  were  subjected  to  postmortem  examina- 
tion:  (1)  the  87  mice  euthanatized  six  months  (181-183  days) 
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postinoculation,  (2)  one  aouse  with  a  naamary  tumor  euthanatized 
at  199  days  post inoculation,  and  (3)  one  mouse  killed  by  fight- 
ing at  104  days  post inoculation.  The  technique  of  examining 
the  mice  for  lesions  has  been  outlined  previously. 

During  the  evaluation  and  description  of  the  pathologic 
alterations,  em{^asis  was  placed  on  the  abnormal  changes  in  the 
cells  of  the  chief  organs  of  the  lymphoreticular  system: 
spleen,  thymus,  representative  lymph  nodes,  and  bone  marrow. 
A  few  inflammatory  processes  were  observed.  A  classification  of 
the  number  of  animals  necropsied  from  each  group  is  presented  in 
Table  4. 

Lymphosarcomatous  Cow  -  Lymi^  Node  Homogenate 

Of  the  31  mice  inoculated  with  lymph  node  homogenate  from 
lymphosarcomatous  cattle,  18  were  examined  for  gross  and  histo- 
pathologic lesions.  An  enlarged  spleen,  two  times  normal  size, 
was  observed  in  one  nonpregnant  lactating  female  mouse  (12A). 
The  right  kidney  of  this  mouse  was  about  one-half  normal  size. 
A  mammary  tumor  was  observed  in  the  left  axillary  area  of  mouse 
16D  at  198  days  postinoculation  and  she  was  euthanatized  the 
next  day.   No  other  gross  lesions  were  observed  in  these  mice. 

The  lymphoid  structure  of  the  spleen  of  mouse  12A  was 
unremarkable  when  examined  microscopically.  The  most  striking 
change  was  the  abundance  of  granulopoietic  elements  present  in 
the  spleen  (Appendix,  Plate  VI,  Pig.  1).  The  granulocytes  and 
their  precursors  were  most  prevalent  adjacent  to  the  capsule 
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and  the  trabeculae.  The  small  right  kidney  had  soae  hypoplastic 
epithelial  tubules  and  some  that  appeared  nornal  microscopically. 
A  aaaaary  adenocarcinoma  was  the  only  lesion  seen  in  souse  16D. 
There  was  no  evidence  of  metastasis. 

Other  microscopic  changes  seen  in  these  animals  were  a 
focus  of  coagulation  necrosis  in  each  of  the  liver  sections  of 
•case  140  and  mouse  18B,  a  small  accumulation  of  mature  lympho- 
cytes in  the  kidney  of  mouse  18C  and  reaction  centers  in  several 
of  the  lymi^oid  nodules,  or  malpighian  bodies,  in  the  spleen  of 
mouse  14C.  The  reticular  cells  in  these  reaction  centers  had 
round  nuclei  that  were  larger  and  less  basophilic  than  those  of 
a  lymphocyte.  The  nuclei  had  a  loose  chromatin  network,  fre- 
quently had  one  or  more  prominent  nucleoli,  and  were  surrounded 
by  a  moderate  amount  of  light  blue  cytoplasm. 

Lymphosarcomatous  Cow  -  Whole  Blood 

Eighteen  of  the  34  mice  inoculated  with  whole  blood  from 
cattle  with  lymphosarcoma  were  euthanatized  and  necropsied. 
Enlarged  spleens,  in  the  magnitude  of  one  and  one-half  to  three 
times  normal  size,  were  observed  in  four  female  mice,  two  (7B 
and  17B)  of  which  were  in  the  second  trimester  of  pregnancy  and 
two  (13A  and  13C)  of  which  were  not  pregnant,  but  were  lac- 
tating.  No  other  gross  lesions  were  observed  in  these  18  mice. 

The  spleens  of  mice  7A,  7B,  13C,  and  17B  were  sufficiently 
similar  histopathologically  to  describe  collectively  as  hyper- 
plastic spleens.  The  most  prominent  alterations  were  the  in- 
creased number  of  lymphocytes  and  plasma  cells  in  the  red  pulp. 
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the  apparent  increase  in  nunber  and  size  of  the  lyaf^oid  nod- 
ules, some  with  reactive  centers  (Appendix,  Plate  V,  Fig.  1), 
and  the  increased  number  of  hematopoietic  elements.  The  plasma 
cells  were  characteristic  cells  with  round,  usually  compact, 
basophilic  nuclei  eccentrically  located  in  a  moderate  amount  of 
pale  blue  cytoplasm.  A  perinuclear  halo  could  be  discerned  in 
many  of  these  cells.  The  abundant  hematopoietic  elements  in 
most  of  these  spleens  were  granulocytic,  erythrocytic  (Appendix, 
Plate  VI,  Fig.  2),  and  megakaryocytic,  with  the  erythropoietic 
cells  and  megakaryocytes  liberally  dispersed  throughout  the  red 
pulp.  The  immature  granulocytes  were  found  chiefly  in  a  sub- 
capsular location  and  adjacent  to  the  trabeculae.  The  spleen 
of  mouse  13A  closely  resembled  those  Just  described,  with  the 
exception  that  the  erythropoietic  elements  were  scarce. 

A  lymph  node  of  mouse  13C  contained  many  plasma  cells, 
located  almost  exclusively  in  the  medullary  portion  of  the  node. 
Several  mast  cells  also  were  observed  in  the  medulla  of  this 
same  node.  A  suppurative  reaction  in  the  medulla  of  a  lymph 
node  from  mouse  13A  was  quite  striking.  Changes  were  not  ob- 
served in  the  other  lymph  nodes  or  thymuses  of  mice  inoculated 
with  blood  from  lymphosarcomatous  cattle.  Miscellaneous  lesions 
present  in  these  mice  included  a  focus  of  mature  lymphocytes  in 
each  of  the  kidney  sections  of  mice  7A,  7B,  13C,  and  15A. 
Bxtramedullary  hematopoiesis  was  observed  in  the  liver  of  mice 
7B  and  13A. 
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Lymphosarcomatous  Cow  -  Milk 

Gross  or  aicroscopic  alterations  of  the  lymphoreticular 
systen  were  not  observed  in  the  two  mice  necropsied  that  had 
been  inoculated  with  milk  from  a  lymphosarcomatous  cow.  The 
only  lesions  observed  were  widely  scattered,  snail  foci  of  renal 
epithelial  necrosis  with  subsequent  dystrophic  calcification  in 
mouse  9A. 

H.I.  Herd  Positive  Cow  -  Lymph  Node  Homogenate 

Pour  of  the  eight  mice  inoculated  with  lymph  node  homog- 
enate from  a  Bendixen-key-positive  cow  from  a  high-lympho- 
sarcoma-incidence  herd  were  euthanatized.  Gross  lesions  were 
observed  in  mouse  20B.  The  cortex  of  the  thymus  was  relatively 
small  in  relation  to  the  medulla.  An  abundance  of  hematopoietic 
tissue  was  observed  in  the  spleen,  and  consisted  primarily  of 
granulocytes  and  their  precursors  with  the  granulopoietic  cells 
located  chiefly  adjacent  to  the  capsule  and  trabeculae.  No 
other  microscopic  changes  were  found. 

H.I.  Herd  Positive  Cow  -  Whole  Blood 

Whole  blood  was  obtained  from  cattle  from  a  herd  with  a 
high  incidence  of  lymphosarcoma.  Twenty-one  mice  were  inoculated 
with  blood  from  cows  that  were  classified  positive  on  the  Ben- 
dixen  key,  and  12  of  these  mice  were  necropsied.  Only  one  of 
the  mice,  21A,  had  lesions  that  could  be  detected  grossly.  The 
spleen  of  this  pregnant  female  mouse  was  enlarged  about  one  and 
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one-half  tiffles  normal  size.  No  other  gross  lesions  were  ob- 
served in  these  12  nice. 

The  spleen  of  mouse  21A  vras  unremarkable  microscopically, 
except  for  several  large  lymphoid  nodules,  some  of  which  con- 
tained reactive  centers.  The  architecture  of  the  organ  and  the 
morphology  of  the  cells  appeared  normal  otherwise.  The  medulla 
of  the  thymus  of  mouse  21C  was  large  in  relation  to  the  cortex, 
but  no  irregularities  in  cellular  morphology  were  observed.  A 
lymi^  node  from  this  same  mouse,  21C,  contained  a  few  plasma 
cells,  and  a  few  neutrophils,  in  the  medulla.   Poci  of  mature 
lymphocytes  were  seen  in  the  kidneys  of  mice  30  and  21B,  A 
similar  aggregation  of  lymphocytes  was  located  adjacent  to  a 
bronchiole  in  the  lung  of  mouse  3D. 

H.I.  Herd  Positive  Cow  -  Milk 

Eight  mice  were  inoculated  with  milk  from  a  cow  originating 
in  a  high-incidence  herd.  This  cow  was  classified  positive  on 
the  Bendixcn  key.  Only  one  of  the  four  mice  ne crops ied  had 
grossly  visible  internal  lesions,  although  the  male  mouse,  22, 
that  was  killed  by  fighting  had  numerous  skin  lesions,  some  of 
which  were  healing  scars  and  others  which  were  areas  of  active 
inflammation.  The  gross  internal  lesion  was  observed  in  preg- 
nant female  mouse  22C,  as  her  spleen  was  approximately  one  and 
one-half  times  larger  than  normal. 

The  enlargement  of  the  spleen  of  mouse  22C  was  found  to  be 
the  result  of  a  large  healing  abscess,  which  had  a  center  of 
necrotic  tissue.  The  periphery  of  young  proliferating 
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fibroblasts  contained  many  neutrophils  mixed  throughout  the 
fibroblasts  and  collagen.  Mouse  22,  which  was  killed  by  fight- 
ing, had  many  foci  of  coagulation  necrosis  scattered  throughout 
the  liver,  kidney,  and  spleen.  Many  of  these  foci  had  elicited 
a  suppurative  response,  and  fibroplasia  was  present  around  a 
few.  No  other  microscopic  lesions  were  observed  in  these  four 
Bice. 

H.I.  Herd  Normal  Cow  -  Whole  Blood 

Seven  mice  were  inoculated  with  whole  blood  from  a  high- 
incidence-herd  cow  that  was  classified  normal  on  the  Bendixen 
key,  and  four  of  these  mice  were  examined  for  lesions.  Gross 
and  microscopic  abnormalities  were  found  in  a  pregnant  female 
mouse,  IC.  Her  spleen  was  approximately  three  times  normal 
size,  and  her  thymus  was  approximately  two  times  normal  size. 
No  other  gross  lesions  were  observed  in  these  four  mice. 

Microscopically,  the  lesions  in  mouse  IC  were  character- 
ized by  hyperplasia  of  the  lymphatic  organs  (Appendix,  Plate 
VII,  Figs.  1  and  2).  The  thymus  was  unremarkable,  but  there 
was  an  increase  in  the  size  and  number  of  lymphoid  nodules  with 
reactive  centers  composed  of  reticular  cells  in  the  spleen. 
Lymphocytes  were  quite  abundant  throughout  the  red  pulp  of  the 
spleen.  The  spleen  was  also  a  hyperactive  hematopoietic  organ, 
with  an  increase  of  both  erythropoietic  and  granulopoietic 
elements. 
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All  five  of  the  lynph  nodes  examined  of  aouse  IC  had  a 
paucity  of  lyiaphocytes  and  an  abundance  of  plasna  cells  and 
histocytes  intermixed  (Appendix,  Plate  VII,  Figs.  1  and  2). 
Cortical  and  medullary  arrangement  of  the  lymph  nodes  was  poor« 
ly  defined  in  two  of  the  nodes.   Foci  of  mature  lymphocytes 
also  were  observed  at  two  locations  in  the  kidney,  two  locations 
in  the  lung,  and  at  the  junction  of  two  central  veins  in  the 
liver. 

H.I.  Herd  Normal  Cow  -  Milk 

Seven  mice  were  inoculated  with  milk  from  a  normal  cow  from 
a  herd  with  a  high  incidence  of  lymphosarco«a«  None  of  the  four 
mice  euthanatized  had  gross  lesions,  and  histopathology  was 
observed  in  only  one.  Mouse  2A  had  a  small  focus  of  lymphocytes 
adjacent  to  a  duct  in  the  salivary  gland.   No  other  microscopic 
lesions  were  found. 

Normal  Cow  -  Lymph  Node  Homogenatc 

Of  the  12  mice  inoculated  with  lymph  node  homogenate  from 
normal  cattle,  six  were  examined  for  lesions.  One  pregnant 
female  mouse  (25A)  and  one  nonpregnant  female  mouse  (25B)  had 
spleens  and  thymuses  that  were  approximately  one  and  one-half 
times  normal  size.   All  three  mice  from  cage  25  (25A,  25B,  and 
25C)  had  discreet,  small  (less  than  1  mm.  diameter),  white  foci 
scattered  throughout  their  livers.   When  examined  microscop- 
ically, the  small  white  foci  visible  grossly  on  the  livers  were 
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found  to  be  areas  of  coagulative  necrosis  with  a  suppurative 
and  fibrotic  response.   No  other  lesions  were  observed  in  the 
livers  of  these  mice. 

The  spleen  of  mouse  25A  contained  a  hyperplastic  red  pulp 
area,  with  the  most  prominent  change  being  the  increased  number 
of  erythropoietic  cells.  A  few  of  these  cells  also  were  ob- 
served in  the  spleen  of  mouse  25B,  although  the  most  striking 
change  there  was  the  increased  white  pulp.  This  was  primarily 
the  result  of  many  lymphoid  nodules,  some  with  large  reactive 
centers.  The  spleens  of  both  animals  had  an  abundance  of 
megakaryocytes . 

The  thymuses  of  both  25A  and  25B  appeared  normal  histo- 
logically. Both  of  the  lymph  nodes  examined  from  mouse  25B  had 
a  few  foci  of  reticular  cells  in  the  reactive  centers  in  the 
cortex.   Plasma  cells  were  quite  prominent  in  the  medulla  of  one 
of  the  nodes,  but  not  the  other.  A  small  focus  of  histiocytes 
and  lymphocytes  was  seen  adjacent  to  a  duct  in  the  salivary 
gland  of  mouse  253,  and  similar  foci  consisting  predominantly 
of  lymphocytes  were  observed  in  the  kidney  of  mouse  25A. 

Normal  Cow  -  Whole  Blood 

Six  of  the  12  mice  inoculated  with  whole  blood  from  normal 
cattle  were  euthanatized  and  examined  for  lesions.  The  thymus 
and  spleen  of  one  pregnant  female,  26B,  were  enlarged  about  one 
and  one-half  times  normal  size.  No  other  gross  lesions  were 
observed  in  any  of  these  mice. 
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Megakaryocytes  were  abundant  in  the  spleen  of  BOuse  26B. 
Pew  of  the  lynphoid  nodules  had  reactive  centers,  although 
there  was  a  large  amount  of  white  pulp.   No  Microscopic  explana- 
tion could  be  found  for  the  gross  enlargement  of  the  thymus. 
Both  of  the  lymf^  nodes  examined  from  mouse  26B  had  several 
reactive  centers  in  the  cortex.   Plasma  cells  were  quite  promi- 
nent in  the  medulla  of  one  of  the  nodes,  but  not  the  other.  A 
number  of  reactive  centers  in  the  cortex  of  a  lymph  node  of 
mouse  26A  contained  cells  with  round  nuclei  of  varying  size.  A 
small  focus  of  mature  lymphocytes  was  present  in  the  renal 
cortex  of  mouse  24C,  and  another  adjacent  to  an  arteriole  in  the 
lung  of  mouse  26C. 

Normal  Cow  *  Milk 

Pour  mice  were  inoculated  with  milk  from  a  normal  cow,  and 
two  of  these  were  examined  for  pathological  alterations.   None 
were  observed  grossly.   Several  of  the  lynphoid  nodules  in  the 
spleen  of  mouse  27B  had  reactive  centers  of  reticular  cells 
around  the  central  arteriole,  with  mature  lymphocytes  at  the 
periphery  of  the  nodules.  A  moderate  number  of  plasma  cells 
were  seen  in  the  lymph  node  of  mouse  27A.  No  other  lesions 
were  observed. 

Noninoculated  Controls 

Bighteen  mice  were  maintained  as  noninoculated  controls, 
and  nine  of  these  were  evaluated  for  gross  and  histopathologic 
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lesions.  Two  of  the  female  mice,  one  pregnant  (5A)  and  one 
lactating  (5C)  had  ooderately  enlarged  (about  two  tines  nornal 
size)  spleens  and  thynuses. 

Both  BOuse  5A  and  aouse  5C  had  Microscopic  lesions  which 
could  be  characterized  best  as  hyperplasia  of  the  involved 
lymi^atic  organs.  The  lyophoid  nodules  in  the  spleen  apparently 
were  increased  in  number  and  definitely  increased  in  average 
size.   Several  of  the  nodules  had  large  (one-fourth  to  one-half 
the  diameter  of  the  nodule)  reactive  centers  composed  of  retic- 
ular cells.  The  periphery  of  these  nodules,  and  other  entire 
nodules,  was  composed  of  mature  lyn{^ocytes.  The  increase  in 
the  size  of  the  thymus  was  primarily  the  result  of  an  increase 
in  the  thickness  of  the  cortex,  which  contained  mature 
thymocytes  almost  exclusively. 

In  addition  to  those  mice  which  had  gross  lesions,  two 
■ice  (11£  and  IIP)  had  hyperplastic  lymph  nodes.  The  nodes  ap- 
peared enlarged  and  there  was  evidence  that  lymi^ocyte  produc- 
tion was  active  and  the  maturation  process  was  normal,  as 
attested  to  by  the  number  of  mature  lymphocytes  present  in  the 
nodes.  One  lymph  node  of  mouse  IIP  also  had  a  moderate  number 
of  plasma  cells  and  neutrophils  in  the  BKdulla.  The  liver  and 
spleen  of  both  animals  contained  active  areas  of  hematopoiesis, 
both  erythrocytic  and  granulocytic.  T^o  foci  of  mature  lympho- 
cytes also  were  observed  adjacent  to  an  artery  and  a  vein  in 
the  renal  cortex  of  mouse  HE. 

The  number  of  mice  in  each  group  that  had  hyperplasia  of 
the  lymphoid  structures,  and  the  percentage  of  the  animals 
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necropsied  the  nice  with  hyperplastic  lesions  represented,  vfere 
presented  in  Table  4.   No  definite  trend  or  clear  pattern  could 
be  established,  as  hyperplasia  was  observed  in  all  the  najor 
groups . 

DISCUSSION 

£x-axenic  nice  were  inoculated  with  specimens  obtained 
froB  cattle  that  had  lymphosarcoma,  cattle  froa  a  high -incidence 
herd,  and  normal  cattle  in  an  attempt  to  induce  leukemia  in 
these  mice.  Lesions  of  leukemia  were  not  present  in  any  of  the 
inoculated  mice  which  were  necropsied,  nor  in  any  of  the  non- 
inoculated  control  mice.  The  explanation  of  this  fact  may  be 
approached  from  several  directions,  none,  one,  or  all  of  which 
■ay  be  partially  or  entirely  correct. 

Althou^  bovine  lymphosarcoma  has  been  transmitted  from 
affected  cattle  to  susceptible  cattle,  as  reported  by  G8tze 
et  al .  (1956)  and  Rosenberger  (1961),  the  factors  responsible 
for  this  transmission  remain  unknown.   Papparella  et  al.  (1963), 
McKercher  et  al.  (1963),  and  Lange  (1965)  have  reported  on  the 
isolation  of  viruses  from  lymphosarcomatous  cattle.  However, 
the  viruses  isolated  by  these  investigators  have  not  been 
capable  of  inciting  the  disease  syndrome  in  cattle.  The  theory 
of  viral  etiology  for  bovine  lymphosarcoma  has  many  proponents, 
but  the  isolation  of  a  virus  from  an  animal  with  the  disease 
that  has  the  ability  to  reproduce  the  disease  in  other  cattle 
has  yet  to  be  reported.  / * 
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The  attenpt  to  reproduce  a  sinilftr  disease  syndrome  in 
another  species  of  aninals  (mice)  by  inoculation  with  or  expos- 
ure to  specimens  obtained  from  the  species  (cattle)  naturally 
manifesting  the  disease  is  fraught  with  hazards:   (1)  there  may 
not  be  a  specific  agent (s)  or  factor(s)  responsible  for  bovine 
lymi^osarcoisa,  (2)  an  agent  leukemogenic  for  cattle  may  not  be 
leukemogenic  for  mice,  (3)  an  agent  obtained  from  lympho- 
sarcomatous  cattle  that  is  leukemogenic  for  mice  may  not  be  the 
factor  originally  responsible  for  the  disease  in  cattle,  (4) 
leukemia  developing  in  mice  inoculated  with  specimens  from 
lymphosarcomatous  cattle  may  actually  be  a  spontaneous  murine 
leukemia  or  the  activation  of  a  latent  murine  leukemogenic  agent. 
I>espite  these  hazards,  and  probably  others,  this  approach  was 
selected  in  an  attempt  to  detect,  isolate,  propagate,  and  con- 
centrate an  agent  from  cattle  with  bovine  lymphosarcoma  that  was 
leukemogenic  for  mice.  Had  this  been  possible,  subsequent  test- 
ing in  the  homologous  species  (cattle)  would  have  been  warranted. 

In  an  attempt  to  alleviate  some  of  the  hazards  mentioned, 
CFWy  ex-axenic  mice  were  chosen  as  the  experimental  animals. 
The  absence  of  natural  leukemia  in  over  4,000  CPVi^   mice  has  been 
reported  by  Nielsen  £t  al.  (1965)  and  Werder  et  al.  (1966). 
However,  leukemia  in  CPW^^  axenic  and  ex-axenic  mice  has  been 
produced  by  the  inoculation  of:   (1)  bone  marrow  specimens  ob- 
tained from  leukemic  people  (Nielsen  et^  al . ,  1965),  (2)  a  virus 
isolated  from  a  cell  culture  of  neoplastic  cells  from  a  dog  with 
reticulum  cell  leukemia  (Chapman  ejt  al^. ,  1966),  (3)  bone  marrow 
specimens  from  people  free  of  clinical  illness  (Werder,  1966), 
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and  (4)  exposure  of  these  aice  to  a  sub>lethal  dose  of  X-irradi- 
ation  (Werder,  1966).   By  utilizing  axenic  mice,  and  aaintain- 
ing  then  as  ex-axenic  aniaals  under  strict  sanitary  conditions, 
an  attempt  was  made  to  eliminate,  or  at  least  minimize,  the 
exposure  to  leukemogenic  factors  except  any  present  in  the 
inocula* 

Heterologous  leukemia  transmission  attempts  to  mice  have 
been  reix>rted  as  successful  in  a  few  attempts.  Leukemia  has 
been  produced  by  inoculating  mice  with  specimens  from  leukemic 
people  (Schwartz  et  »1 • t  1957;  DeLong,  1960;  Nielson  et  al., 
1965;  and  Chapman  et  al . ,  1966a),  a  leukemic  dog  (Werder,  1966), 
and  lymphosarcoma tous  cattle  (Hatziolos  £t  al. ,  1966). 

A  longer  observation  period  might  have  been  advantageous 
if  a  leukemia  in  mice  caused  by  a  bovine  lymphosarcoma  agent 
required  a  latent  period  longer  than  6  months.  However,  other 
authors  have  reported  the  heterologous  transmission  of  leukemia 
to  mice  in  less  than  6  months.  When  inoculating  this  same 
strain  of  mice  (CPWw)  with  human  leukemic  bone  marrow  specimens, 
the  mice  developed  leukemia  at  an  average  of  8-9  months  post- 
inoculation,  according  to  Werder  (1966).  However,  he  reported 
that  the  first  animals  to  develop  leukemia  did  so  4^-5  months 
post inoculation.   Schwartz  et  al,  (1957)  observed  leukemia  in 
mice  2-12  weeks  after  inoculating  them  with  brain  tissue  of 
human  leukemic  victims.  The  mice  that  DeLong  (1960)  inoculated 
with  filtered  supernatant  fluids  from  tissue  cultures  inoculated 
with  bone  marrow  specimens  from  leukemic  people  developed 
leukemia  with  average  latent  periods  of  88,  155,  158,  and  160 
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days  for  four  different  groups.  Hatziolos  et  al.  (1966)  had 
■ice  develop  leukemia  75-522  days  after  inoculating  them  with 
bovine  lynphosarcoma  specinens.   Seven  of  the  12  leukenic  mice 
developed  lesions  of  the  disease  147-183  days  postinoculation. 

The  major  pathologic  alteration  observed  in  the  mice  in 
this  experiment  was  hyperplasia  of  the  various  lymphoid  organs. 
Ac  occasional  inflammatory  lesion  was  observed  in  these  organs. 
£xcept  for  one  mammary  adenocarcinoma,  there  was  no  evidence 
of  neoplastic  changes  in  these  mice.  The  increased  number  of 
cells  in  the  hyperplastic  organs  had  a  proper  distribution  of 
mature  cells  and  immature  cells,  indicating  that  cellular 
maturation  was  proceeding  at  a  normal  rate. 

It  can  not  be  assumed  that  an  agent  in  the  inocula  from 
the  cattle  with  lymphosarcoma  was  responsible  for  the  lymphoid 
hyperplasia,  as  8  of  the  38  mice  (21%)  so  treated  had  lymi^oid 
hyperplasia  (Table  4).  Eight  of  14  mice  (57%)  that  received 
inocula  prepared  from  specimens  obtained  from  normal  cattle  had 
lymphoid  hyperplasia,  as  did  4  of  9  mice  (44%)  held  as  non- 
inoculated  controls. 

Of  the  89  mice  necropsied,  44  were  males  and  45  were  fe- 
aales.  Thirteen  of  these  mice,  all  females,  were  found  to  have 
grossly  enlarged  lymphoreticular  organs,  primarily  the  spleen. 
Eight  of  the  13  females  with  gross  lesions  were  pregnant,  four 
were  not  pregnant  but  were  lactating,  and  one  was  neither  preg- 
nant nor  nursing  young  at  the  time  of  necropsy.   Six  pregnant 
females  did  not  have  gross  lesions.  The  number  of  lactating 
females  without  lesions  was  not  recorded. 
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The  possibility  that  the  hyperplastic  lesions  were  pre- 
cancerous or  preleukemic  was  considered.  A  precancerous  lesion 
is  one  that  predisposes  to  a  Malignant  neoplasm,  according  to 
Moulton  (1961).   It  usually  assumes  the  form  of  a  benign  tuaor 
or  a  regenerative  or  hyperplactic  process  and  only  occasionally 
becones  cancerous.  Whether  any  of  the  hyperplastic  lesions 
observed  in  these  nice  would  have  becoae  aalignancies  is  a 
matter  of  pure  speculation.  The  mice  that  were  allowed  to  live 
for  a  longer  period  of  ti«e  «ay  resolve  that  question. 

The  procedure  of  aouse  inoculation,  as  accoaplished  in 
these  experiments,  appears  to  have  deficiencies  that  must  be 
eliminated  if  heterologous  leukemia  transmission  studies  are  to 
provide  additional  information  about  the  etiology  of  bovine 
lymphosarcoma . 

An  approach  that  could  be  more  productive  would  be  the 
initiation  of  lymphosarcomatous  tumor  cell  cultures,  or  the 
inoculation  of  established  cell  cultures  with  lymphosarcomatous 
specimens.  An  agent (s)  or  factor(s)  isolated  from  these  cell 
cultures  could  then  be  concentrated  so  that  a  greater  quantity 
of  potentially  leukemogenic  agents  could  be  administered  to 
mice.  This  technique  worked  well  for  Werder  (1966)  as  he  con- 
sistently produced  leukemia  in  ex«axenic  CPW^  mice  by  inoculatii^ 
them  with  filtered  concentrated  supernatant  fluid  from  cell 
cultures.  These  cell  cultures  were  originally  from  a  dog  with 
reticulum  cell  leukemia. 
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CONCLUSIONS 

£x-axenic  aice  inoculated  with  specinens  obtained  from 
lyaphosarconatous  cattle,  cattle  fron  a  herd  with  a  high  inci- 
dence of  lyaiphosarccMia,  or  normal  cattle  were  observed  for  6 
■onths  after  inoculation.  One-half  of  the  inoculated  mice 
surviving  to  maturity  and  one-half  of  the  18  noninculated  con- 
trol mice  were  euthanatized  and  necropsied  at  the  end  of  the 
6-month  observation  period.  Gross  or  microscopic  lesions 
characteristic  of  leukemia  were  not  observed  in  these  mice. 

Hyperplasia  of  the  lymphoid  organs,  primarily  the  spleen, 
was  observed  in  several  mice.  However,  this  lesion  was  seen  in 
all  of  the  major  experimental  groups,  including  the  noninculated 
control  animals,  and  was  not  thought  to  be  a  result  of  the 
inocula  administered  to  the  mice.   Mouse  inoculation  as  per- 
formed in  these  experiments  does  not  appear  to  be  the  ideal 
procedure  for  obtaining  additional  information  about  the  causa- 
tive factor(s)  of  bovine  lymphosarcoma. 
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EXPLANATION  OP  PLATE  I 


Fig.  1.  A  prefemoral  lyaph  node  fro*  lynphosarcoaatous 

cow  LB-7.  A  monotonous  mass  of  neoplastic  cells 
has  replaced  normal  node  structure.   The  ana- 
plastic cells  have  a  large  pale-staining  nuclei 
with  abundant  cytoplasm.  Many  nuclei  have 
bizarre  forms,  and  mitotic  figures  are  not  un- 
common. Hematoxylin  and  eosin  X125. 


Pig.  2.  A  higher  magnification  of  Fig.  l.  Note  the 

variation  in  sire  and  shape  of  the  nuclei.  A 
mitotic  figure  can  be  seen  (arrow).  Hematoxyl- 
in  and  eosin  X400. 
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PLATE   I 


Pig.    1 
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Fig.    2 


EXPLANATION  OF  PLATE  II 


Pig.  1.  A  prefcworal  lywph  node  from  cow  #2784.   This 

cow  vras  classified  positive  on  the  Bendixen  key, 
and  had  originated  in  a  herd  with  a  high  inci- 
dence of  lymphosarcona.  An  enlarged  reactive 
center  (left)  was  conpressing  the  adjacent 
tissue  (center)  of  the  cortex.  Cellular  mor- 
phology appears  normal.  Hematoxylin  and  eosin 
X250. 


Fig.  2.  A  representative  area  of  a  perii^eral  blood  smear 
from  cow  #2784.   See  Fig.  1,  This  cow's  total 
leukocyte  count  was  101,250/cmra,  with  98%  lympho- 
cytes, most  of  which  were  atypical.  These  cells 
had  large  nuclei  containing  a  delicate,  loose 
chromatin  structure.  Giemsa  stain  X125. 
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PLATE   II 


Pig.    1 


EXPLANATION  OF  PLATE  III 


Fig.  1.  A  prefenoral  lymph  node  from  a  normal  cow, 

LB-10.  The  cortex  of  the  node  contains  numer* 
OU8  follicles.  Trabeculae  can  be  seen.  Hema- 
toxylin and  eosin  X40. 


Fig.  2.  A  higher  magnification  of  Fig.  1.  The  edge  of 
a  follicle  can  be  seen.  Hematoxylin  and  eosin 
X250. 
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PLATE   III 
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Pig.   1 


Pig.   2 


BXPLANATION  OF  PLATE  IV 


Fig.  1.  A  nornal  spleen  from  mouse  8B,  which  had  re- 
ceived lyaphosarconatous  lymi^  node  horaogenate. 
The  lymphoid  nodules  vary  in  size,  but  are  well 
defined  and  do  not  have  reactive  centers.  Mega- 
karyocytes  are  seen  in  the  red  pulp.  Hematoxyl- 
in and  eosin  X40. 


I 


Fig.  2.  A  higher  magnification  of  Pig,  1.  The  lymphoid 
follicles  are  small,  round,  and  uniform  in  cel- 
lular content.  The  adjacent  red  pulp  contains 
lymphocytes  and  some  reticuloendothelial  cells. 
A  focus  of  granulopoietic  cells  (arrow)  are  seen 
in  the  red  pulp.  Hematoxylin  and  eosin  X125. 
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EXPLANATION  OF  PLATE  V 


Fig.  1.  A  section  of  a  spleen  fron  mouse  13C,  which  had 

been  inoculated  with  blood  from  a  lynphosarcoroatous 
cow.  This  section  is  representative  of  the  lesions 
designated  lynphoid  hyperplasia  in  this  thesis.  The 
lymphoid  nodules  are  enlarged  and  increased  in  num- 
ber. Many  have  reactive  centers  (B).   In  addition 
to  the  lymphoid  hyperplasia,  areas  of  erythropoiesis 
(arrow)  can  be  seen  in  the  red  pulp.  Hematoxylin 
amd  eosin  X40. 


Pig.  2.  A  section  of  the  spleen  of  mouse  12A  which  had  lym- 
phoid hyperplasia.  This  mouse  had  been  inoculated 
with  whole  blood  from  a  cow  with  lymphosarcoma. 
Two  adjacent  nodules  can  be  seen,  both  with  reactive 
centers.  Hematoxylin  and  eosin  X125. 
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EXPLANATION  OF  PLATE  VI 


Pig.  1.  A  section  of  the  spleen  of  a  mouse  (12A)  which  had 
been  inoculated  with  whole  blood  froa  a  lympho- 
sarcomatous  cow.   This  spleen  contained  an  abun- 
dance of  granulopoietic  cells.  The  granulopoietic 
cells  are  adjacent  to  a  trabecula.  Hematoxylin 
and  eosin  X400. 


Pig.  2.  A  section  of  the  spleen  of  mouse  13C  containing 
many  nucleated  erythrocytes  in  the  red  pulp. 
These  cells  have  darker  nuclei  that  are  more  vari- 
able in  size  and  shape  than  the  adjacent  lympho- 
cytes (arrows).  A  megakaryocyte  can  be  seen. 
Hematoxylin  and  eosin  X400. 
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EXPLANATION  OF  PLATE  VII 


Pig.  1.   Lymphoid  nodules  in  a  lymph  node  from  mouse  IC, 

which  had  been  inoculated  with  whole  blood  from  a 
cow  classified  normal  on  the  Bendixen  key.   A  re- 
active center  can  be  seen  in  each  nodule.   Hema- 
toxylin and  cosin  X125. 


Fig.  2.   A  higher  magnification  of  Fig.  1,   The  reticular 
cells  on  the  reactive  center  (B)  can  be  seen  with 
the  adjacent  mature  lymphocytes  of  the  lymphoid 
nodule  (A),   Plasma  cells  (arrows)  are  present  in 
the  medulla.   Hematoxylin  and  eosin  X400. 
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The  search  for  the  etiology  of  bovine  lynphosarcona  has 
been  a  project  for  aany  investigators.  This  disease  entity 
constitutes  a  continuous  insidious  loss  to  the  livestock  indus- 
try. Because  of  the  clinical  and  pathologic  similarities  of 
bovine  lymphosarcowa  and  human  lynphosarcona,  the  disease  in 
cattle  nay  be  a  source  of  valuable  comparative  knowledge. 

Viruses  have  been  convincingly  incriminated  as  the  etio- 
logic  agents  of  certain  avian  and  murine  lymphoreticular 
neoplasms.   Bovine  lymphosarcoma  has  a  high  incidence  of  occur- 
rence in  certain  areas  and  in  certain  herds,  but  is  uncommon  in 
other  areas  and  unknown  in  other  herds.  An  infectious  agent 
could  be  responsible  for  this  epizootiologic  pattern,  and  some 
investigators  have  reported  on  the  spread  of  the  disease  to 
lymphosarcoma-free  herds  by  introducing  animals  from  herds  with 
a  high  incidence  of  the  disease. 

Various  research  techniques  have  been  applied  to  this 
etiological  problem,  and  many  investigators  have  reported  infor- 
mation which  would  indirectly  support  the  theory  of  viral  eti- 
ology. The  intent  of  this  investigation  was  to  attempt  to 
produce  a  leukemia  in  ex-axenic  mice  by  inoculating  them  with 
specimens  obtained  from  cattle  with  lymphosarcoma.   Subsequent 
isolation  of  the  leukemogenic  agent  was  contingent  upon  the 
development  of  leukemia  in  the  mice. 

Specimens  utilized  for  mouse  inoculation  included  a  20% 
lymph  node  homogenate,  whole  blood,  and/or  milk.  These  speci- 
mens were  obtained  from  live  cattle  that  were  (1)  clinically  and 
histopathologically  confirmed  lymphosarcomatous ,  (2)  classified 


positive  on  the  Bendixen  key  and  frow  a  herd  with  a  high  inci- 
dence of  lymphosarcoma,  or  (3)  classified  normal  on  the  Bendixen 
key  and  from  a  herd  with  a  high  incidence  of  lymphosarcoma. 
For  control  purposes,  mice  were  inoculated  with  similar  speci- 
mens from  clinically  normal  cattle.  A  total  of  164  ex-axenic 
mice  were  utilized  in  this  experiment,  of  which  68  received 
inocula  from  6  lymphosarcomatous  cows,  37  received  inocula  from 
3  Bendixen-key  positive  cows,  14  received  inocula  from  1  Ben- 
dixen-key  normal  cow,  27  received  inocula  from  2  clinically 
aormal  cows,  and  18  were  maintained  as  noninoculated  controls. 

The  experimental  animals  were  1-14-day-old  mice  of  the 
Carworth  Farm  White  (CFW)  strain  and  CPW^  substrain.  They 
received  0.1  ml.  of  the  inocula  intraperitoneally ,  and  were 
inoculated  the  same  day  they  were  removed  from  the  germ-free 
isolators.  They  were  maintained  as  ex-axenic  mice  on  sterile 
bedding,  feed,  and  water  for  a  6-month  observation  period.  At 
the  end  of  this  observation  period,  one-half  of  the  mice  in  each 
group  were  euthanatized  and  necropsied.  The  remaining  mice  were 
allowed  to  live  to  see  if  leukemia  will  develop. 

The  mice  that  were  necropsied  were  studied  for  gross  and 
histopathologic  lesions,  with  emphasis  on  the  organs  and  cells 
of  the  lymphoreticular  system.   No  leukemia  was  observed.  The 
■ost  consistent  lesion  was  lymphoid  hyperplasia,  and  this  was 
found  in  21%  of  the  mice  inoculated  with  lymphosarcomatous 
specimens,  20%  of  the  mice  inoculated  with  Bendixen-key  positive 
specimens,  25%  of  the  mice  inoculated  with  Bendixen-key  normal 
specimens,  57%  of  the  mice  inoculated  with  clinically  normal 


specimens,  and  44%  of  the  noninoculated  mice.  Pew  inflammtitory 
lesions  were  observed. 

Because  of  the  ubiquitous  distribution  of  the  lesions  in 
all  experimental  groups,  the  lymphoid  hyperplasia  was  of  no 
significance.  Leukemia  did  not  develop  in  any  of  the  experi- 
mental groups.  Mouse  inoculation,  as  performed  in  these  experi- 
ments, did  not  appear  to  be  the  ideal  method  by  which  to  obtain 
additional  information  about  the  etiology  of  bovine  lympho- 
sarcoma. 
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